Background: Many patient-reported outcome measures (PROMs) have been developed and/or used to measure the impact of amblyopia and strabismus on quality of life (QoL). Identifying the one with superior quality is important for evaluating the effectiveness of novel therapy for amblyopia and for directing improved clinical decision-making in adults considering strabismic surgery. Therefore, the aim of this review is to identify all PROMs previously developed/used to study the impact of amblyopia and/or strabismus on QoL and to appraise the quality and comprehensiveness of content of the disease-specific instruments. Methods: A systematic search was carried out in the electronic databases of PubMed, Cochrane, Web of Science and PsycINFO. The quality of content and measurement properties of all the disease-specific instruments were assessed using established quality standards. Further, the content of the instruments were examined for comprehensiveness by categorising each item across the eight ophthalmic QoL domains (activity limitation, concerns, emotional well-being, social well-being, economic, convenience, symptoms and mobility). Results: Seventy-one PROMs were identified, out of which 32 were amblyopia-and/or strabismus-specific. Out of all the disease-specific instruments, just four have been subjected to modern psychometric tests and only the adult strabismus questionnaire demonstrated good measurement properties. Most of the amblyopia-specific instruments measured the impact of the treatment of amblyopia on children, while most of the strabismus-specific instruments measured concerns related to appearance and treatment outcome in adults. All instruments have gaps in their content and failed to address QoL comprehensively. Conclusion: All the existing amblyopia-and/or strabismus-specific instruments fall short of desired quality and/or comprehensiveness of content. The review identifies the need for developing an instrument with superior quality and discusses potential directions of future research.
Amblyopia and strabismus are common developmental conditions of childhood and are known to cause functional deficits like impaired stereoscopic depth perception and defective sensory, motor, visual cognition and prehension skills. [1] [2] [3] These functional deficits manifest in the individual as imprecise or inefficient performance of real-life activities like reading, grasping and driving and affect quality of life (QoL). 4, 5 Apart from the implications of these functional deficits, socially noticeable strabismus also affects the psychosocial and emotional well-being of individuals. [6] [7] [8] [9] [10] Analysis of the cost-effectiveness of screening for amblyopia and its utility are limited by the lack of evidence about the long-term impact, the degree of disability and the impact of amblyopia on QoL. [11] [12] [13] Incorporating patient-reported outcome measures (PROMs) as one of the treatment outcomes is considered important to substantiate the recent evidence claiming benefits of adult amblyopia therapy. 14, 15 It is also important to evaluate the impact of amblyopia against the well-known negative impact of treatment of amblyopia (particularly patching therapy) to facilitate a broader understanding of the realities and to potentially improve treatment compliance. 16, 17 Further, a robust and comprehensive strabismus-specific instrument is vital to substantiate the functional benefits of strabismus surgery in adults 18, 19 and the psychosocial benefits in those who are barely able to visualise their ocular misalignment due to severe bilateral visual impairment. 20 Also a recent study suggests incorporating QoL criteria to define the success of strabismus surgery, as individuals classified as surgical failures by motor and diplopia criteria showed improvement in QoL scores.
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While many instruments are currently available or in the process of development for these purposes, it is vital to identify a scientifically robust and sound instrument for reliable, precise and comprehensive measurement of QoL, as the results are crucial to guide clinical decisions and health-care policies.
1. identify all PROMs currently used to study the impact of amblyopia and/or strabismus; 2. appraise the content, quality and measurement properties of the disease-specific instruments to identify instrument(s) with high quality and robustness; and 3. examine the content of all diseasespecific instruments and identify the instrument(s) that offer comprehensive measurement of QoL.
METHODS
The systematic review and analysis was carried out by two investigators (SEK and JK) independently and any discrepancy was resolved by discussion and consensus.
Search strategy
The electronic databases of PubMed, Cochrane, Web of Science and PsycINFO were searched using the following syntax: (Amblyopia OR 'Lazy eye' OR Strabismus OR Squint OR Exotropia OR Esotropia OR Hypotropia OR Hypertropia OR 'Cross* eye*') AND ('self-report*' OR 'symptom*' OR 'selfesteem' OR Satisfaction OR 'Patient reported outcome' OR Questionnaire OR Driving OR Concern OR Disability OR 'Psycho*' OR Emotional OR Social OR 'Quality of life') No age restriction was applied. Articles in English, published prior to July 2016 were included, if they:
1. described the development or validation of a PROM for amblyopia or strabismus or 2. used a PROM to study the impact of amblyopia and/or strabismus on QoL or any of its attributes.
Qualitative articles, conference abstracts, review papers and PROMs measuring the impact of the disease on family (other than self ) were not included. The bibliographies of the articles included were handsearched for additional relevant references. Figure 1 represents the screening and selection of articles for the review. Eight full-text articles were excluded, as they did not measure QoL constructs. Reasons for exclusion are displayed in Appendix 1.
Quality assessment
The quality of content, psychometric properties and measures of validity, reliability and responsiveness of all disease-specific instruments were evaluated using established quality standards, displayed in Appendix 2. These quality standards were adapted from Khadka, McAlindin and Pesudovs 22 and comply with the FDA 23 and COSMIN 24, 25 standards for evaluating the quality of health-related PROMs. These standards are being used by our research group to appraise PROMs developed for various ocular diseases.
QUALITY OF CONTENT
Instruments for which content development was guided by comprehensive consultation with patients and item selection was guided by pilot testing of the instrument using Rasch or factor analysis, received high quality grading. 26 
PSYCHOMETRIC PROPERTIES
The psychometric properties of the instruments could be tested, based on classical test theory or Rasch analysis model.
The classical test theory uses summary scoring by assuming equal difficulty of all items and equal distance between response categories and relies on Cronbach's alpha for its reliability. Unidimensionality is tested using factor analysis. The assumptions of the classical test theory have been disproved by modern psychometrics and the results can be significantly distorted by the presence of missing data or a large sample. 27 Instruments validated based on classical test theory received high quality grading, if they had up to five per cent of missing data, end-point responses up to five per cent for the majority of items, internal consistency by Cronbach's alpha in the range 0.7 to 0.95 and inter-item correlations less than 0.3. Dimensionality of the instrument was graded superior if the first factor loading was greater than 0.4 for all items, variance explained by the measure using principal component analysis was greater than 60 per cent and the eigenvalue of the first contrast was less than 2.0. [28] [29] [30] [31] The Rasch analysis model is probability based and has its foundation on explicit mathematical models. The items and persons are ranked, based on their difficulty and ability levels, respectively, along a single continuum interval scale. It also provides assessment of critical psychometric properties of the instrument, such as measures of response category utility and functioning, measurement precision, items fit to the instrument, unidimensionality, local item dependency and targeting. 26, 27 Instruments validated using the Rasch analysis model received high grading if the response categories were ordered and evenly spaced, variance explained by the measure was 60 per cent or greater and eigenvalue of the first contrast was less than two (indicating unidimensionality), person separation index 2.5 or greater (indicating measurement precision), item fit mean squares between 0.70 and 1.30, differential item functioning (DIF) less than 0.5 logits and difference between item and person measures up to one logit (indicating targeting). 22, 26 
VALIDITY, RELIABILITY AND RESPONSIVENESS
The studies that used these instruments were screened for measures of validity (convergent, discriminant, concurrent and known group), reliability (test-retest, interobserver/inter-mode agreement) and responsiveness (score changes over time and effect size). Instruments demonstrating correlation of 0.3 to 0.9 tested against appropriate measures were graded high for convergent and concurrent validity and correlation of less than 0.3 against appropriate measures was graded high for discriminant validity. Significant difference between appropriate clinical groups was given high grade on known group validity. An intra-class correlation of 0.8 or greater, limits of agreement less than minimally important difference (MID), weighted kappa greater than 0.8, intermodal correlation greater than 0.70, score changes over time greater than MID and effect size of one or greater were graded high. 22, 26 
OVERALL QUALITY
The PROM that received maximum number of higher grades across all the quality criteria was considered superior.
Content extraction
The content of all disease-specific instruments, excluding proxy measures and those instruments, the items of which were not reported, were included for content extraction. Each item was examined and was classified under eight pre-identified ophthalmic QoL domains, namely activity limitation, concerns, emotional well-being, social well-being, economic, convenience, symptoms and mobility (Appendix 3). [32] [33] [34] Each instrument was examined for the main attributes it measures. Further, items from all these instruments were pooled together under each QoL domain and unique items were identified. The number of unique items in each QoL domain was calculated to ascertain what these instruments predominantly measure and to identify the QoL domains that are least represented.
RESULTS
The search yielded 108 articles addressing 71 PROMs: three generic, two vision-specific, 32 disease-specific (amblyopia and/or strabismus-specific), 14 psychological measures, five behavioural inventories, three beliefs and cognition, one social support, five appearance-related, four functional measures and two utilities. Out of the 32 disease-specific, 12 were amblyopia-specific, 18 were strabismus-specific and two were amblyopia and strabismus-specific. The list of these instruments and the number of studies that used them are displayed in Table 1 .
What do the widely used nondisease-specific instruments measure?
The medical outcomes Short Form (SF-36) and the Pediatric Quality of Life Inventory (PedsQL) are the two generic instruments that have been used widely in adults and children, respectively. The SF-36 instrument measures the health-related QoL across eight domains: physical functioning, role limitations due to physical problems, social functioning, bodily pain, general mental health, role limitations due to emotional problems, vitality and general health perceptions. 35 The PedsQL measures the physical, emotional, social and school functioning of children with age-specific versions and has both selfreporting by children and proxy. 36 The National Eye Institute Visual Function Questionnaire (NEI VFQ-25) has been used predominantly to measure visionrelated QoL and to validate new instruments. The developers claim that the NEI VFQ measures difficulties with near and distance activities, limitations in social functioning, role limitations, dependency on others, mental symptoms, driving difficulties, limitations with peripheral vision, colour vision and ocular pain. 37 Hospital Anxiety and Depression Scale (HADS) and the Derriford Appearance Scale (DAS-59 and DAS-24) have been widely used to evaluate the psychological problems and appearance-related distress and anxiety in adults with strabismus. The HADS is a validated 14-item instrument that detects the state of depression and anxiety of those undergoing treatment for Figure 1 . Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram displaying the process of article selection for review Instrument (number of studies that used them, n) Generic -measures general well-being and contains generic items that tap into a range of quality of life (QoL) domain (e.g. functioning, social and emotional well-being, concerns and convenience) Amblyopia-specific -measures impact due to amblyopia and its treatment and contains amblyopia-specific items that tap into one or a range of QoL domains Amblyopia Survey (n =1) 46 Patching Success Questionnaire (PSQ) (n = 2) 48, 112 Amblyopia Treatment Index (ATI) (English [n =7], 49, 50, 58, 59, 90, 113, 114 Chinese [n = 1] 115 ) Child Amblyopia Treatment Index (n = 1) 50 Perceived Psychosocial Questionnaire (PPQ) (n = 1) 51 Emotional Impact of Amblyopia Treatment Questionnaire (n = 2) 52, 116 Occlusion Patch Comfort Questionnaire (OCQ) (n = 1) 53 Child Amblyopia Treatment Questionnaire (CATQoL) (n = 1) 54 Children's Vision for Living Scale (CVLS) (n = 1) 55 46-item QoL questionnaire (n = 1) 56 QoL questionnaire for children with anisometropic amblyopia (n = 1) 57 Socio-Professional Integration Questionnaire (n = 1) 47 Strabismus-specific -measures impact due to strabismus and its treatment and contains strabismus-specific items that tap into one or a range of Perspectives Questionnaire (n = 1) 74 Disability Questionnaire (n = 2) 65, 136 Repertory Grid (n = 1) 66 Perceived Visibility of Strabismus (n = 2) 63, 73 Expectations of Strabismus Surgery Questionnaire (n = 1) 73 Psychosocial Experience Questionnaire (n = 1) 67 Vision Function Scale (n = 1) 62 8-item QoL instrument (n = 1) 64 Exotropia Symptom Questionnaire (n = 1) 69 Effect of Diplopia Questionnaire (n = 1) 76 Post Strabismus Surgery Symptom Questionnaire (n = 1) 75 Psychosocial effects of strabismus pre-and post-operative questionnaire (n = 2) 68, 137 Strabismus Survey (n = 1) 45 Satisfaction of Surgical Outcome (n = 1) 70 Strabismus-specific -Adapted from generic instruments (non-strabismus specific instruments were modified by altering or adding items to measure the QoL impact of strabismus) Visual Analog Scale (n = 1) 71 Modified RAND Health Insurance Study QoL Instrument (n = 1) 72 Amblyopia and strabismus-specific -measures impact due to amblyopia and strabismus and its treatment and contains disease-specific items that tap into one or a range of QoL domains physical health problems. 38 The DAS-59 was developed for those with congenital and acquired facial or bodily disfigurements and deformities and measures distress and problems in social functioning due to appearance. The domains include general self-consciousness of appearance, social self-consciousness of appearance, sexual and bodily self-consciousness of appearance, negative self-concept, facial selfconsciousness of appearance, physical distress and dysfunction and focus on potential benefits of plastic and aesthetic surgery. 39 Generic QoL instruments offer a superficial understanding of a person's well-being, as they do not contain disease/conditionspecific items to capture the real-life implications of the disease and may not be sensitive to the disease and changes in QoL after intervention. Similarly, psychological and behavioural inventories measure general depression or behavioural problems that are not specific to the disease. Utilities that are used for costeffective analysis offer global measures of QoL and lack resolution (ability to differentiate between different levels of ability). The non-disease-specific instruments generally lack discriminatory ability and demonstrate poor targeting to the respondent's ability. 40, 41 Studies have shown that the NEI-VFQ is less sensitive, responsive and reliable compared to the adult strabismus (AS-20) questionnaire, which was developed specifically for adults with strabismus. 37, 42, 43 Moreover, the overall score and many of the subscales of the NEI-VFQ were found to be invalid. 44 The credibility of using non-disease-specific instruments to understand the impact of a disease or to evaluate the effectiveness of an intervention is thus questionable. Hence this review focuses on the disease-specific instruments used to study the impact of amblyopia and/or strabismus.
Instrument (number of studies that used them, n)
Hopkins Symptom Check List (HSCL) (n = 2) 45, 46 Hospital Anxiety and Depression Scale (HADS) (n = 8) 38, 63, 71, 73, 99, 102, 108, 143 Liebowitz Social Anxiety Scale (LSAS) (n = 2) 99, 143 Perceived Stress Index (PSI) (n = 1) 51 Psychiatric Symptom Checklist-90-Revised (SCL-90-R) (n = 1) 143 Screen for Child Anxiety Related Emotional Disorders (SCARED) (n = 1)
142
Harter Self-Perception Profile for Children (SPPC) (n = 1) 144 Fear of Negative Evaluation (FNE) scale (n = 1) 63
Rosenberg Self-esteem Scale (n = 1) 145 Screening for Anxiety (n = 1) 146 Screening for Depression -US Preventive Services Task Force and National Institute for Health and Care Excellence (n = 1)
146
Behavioural inventories -measures anomalous behaviours and problems in social adjustment
Behaviour Assessment System for Children (n = 1) 17 Korean Child Behavior Checklist (CBCL) (n = 1) 90 Rutter scale (n = 1) 147 Bristol Social Adjustment guides (n = 1) Valence of Appearance scale (CARVAL) (n = 2) 38, 63 Iowa-Netherlands Comparison Orientation Scale (n = 1) 38 Physical Appearance Discrepancy questionnaire (n = 1) 38 
Functional measures -measures difficulties in performing activities of daily living
Child's Balance Performance in Daily Life (n = 1) 148 Index of ADL (n = 1) 35 Instrumental ADL (n = 1) 35 Sheehan Disability Scale (n = 2) 99, 143 Utilities -measures the value of health to the patient through patient's preference 
Disease-specific instruments
The first strabismus-specific survey instrument was developed in 1993 by Satterfield, Keltner and Morrison 45 and was used to assess the psychosocial implications of strabismus. Following this, Packwood and colleagues 46 in 1999, developed a survey to measure the psychosocial effects of isolated amblyopia (non-strabismic amblyopia). From then on, many instruments have been developed to study the disease impact and to evaluate the treatment outcome. Thirty-two instruments have been developed over the past 24 years, out of which 12 have been developed in the last four years.
Amblyopia-specific instruments CHARACTERISTICS
The characteristics of all amblyopia-specific instruments are summarised in Table 2 . Twelve amblyopia-specific instruments were identified; however, only two instruments, namely, the Amblyopia Survey 46 and the Socio-Professional Integration Questionnaire, 47 measure the impact of amblyopia itself. The other 10 instruments, namely the Patching Success Questionnaire, 48 the Amblyopia Treatment Index (ATI), 49 the child Amblyopia Treatment Index (cATI), 50 Perceived Psychosocial Questionnaire, 51 Emotional Impact of Amblyopia Treatment, 52 the Occlusion Patch Comfort Questionnaire, 53 Child Amblyopia Treatment Questionnaire, 54 Children's Vision for Living Scale (CVLS), 55 46-item QoL questionnaire 56 and a QoL questionnaire for anisometropic amblyopia, 57 measure the impact of treatment of amblyopia by patching or atropine. The Amblyopia Survey is the only questionnaire developed for adults and measures the psychosocial impact of amblyopia. 46 All treatment-related questionnaires were developed for children and six of them are proxy measures (measures the impact on children as reported by parents). 48, 49, [51] [52] [53] 56 These instruments predominantly explore the child's experience undergoing treatment and measure the inconveniences affecting compliance and adherence to the treatment. While most instruments were developed generally for amblyopia, two were developed specifically for isolated amblyopia (amblyopia without strabismus): the Amblyopia Survey measuring impact of non-strabismic amblyopia 46 and a QoL questionnaire measuring the impact of treating anisometropic amblyopia on children. 57 
QUALITY
The quality assessments of the amblyopiaspecific instruments are summarised in Table 3 . The CVLS is the only instrument that was developed, based on patient's perspectives and has been validated using Rasch analysis; however, the scale shows multidimensionality. 55 The ATI, 58,59 cATI 50 and the QoL questionnaire for anisometropia, 57 which were developed based on clinician's perspectives and literature shows good acceptability, internal consistency and dimensionality using classical test theory-based psychometric properties and factor analysis but has not been validated by modern psychometric tests. The Amblyopia Survey, 46 which is the only instrument developed for adults, has not been subjected to validation. Table 4 displays the characteristics of all strabismus-specific instruments. Sixteen strabismus-specific instruments were identified, out of which 14 were developed specifically for strabismus and two were adapted from non-strabismus-specific instruments. Out of all, six instruments, namely, the Adult Strabismus-20 (AS-20) questionnaire, 60 the Intermittent Exotropia Questionnaire (IXTQ), 61 the Vision Function Scale, 62 the Perceived Visibility of Strabismus, 63 Strabismus Survey 45 and an eight item QoL instrument 64 were developed to measure the impact of strabismus on QoL. The Disability Questionnaire, the Repertory Grid, 66 the Psychosocial Experience Questionnaire, 67 Psychosocial Effects of Strabismus Questionnaire, 68 the Exotropia Symptom Questionnaire, 69 Satisfaction of Surgical Outcome, 70 the adapted Visual Analog Scale 71 and the modified RAND Health Insurance Questionnaire, 72 were developed to mainly assess the improvement in psychosocial well-being post-strabismus surgery. is the only diplopiaspecific instrument and measures the impact of post-operative diplopia on daily life. The IXTQ is the only questionnaire with age-specific self-reporting and proxy versions to measure the impact of intermittent exotropia in children. The eight-item QoL questionnaire, the RAND Health Insurance QoL Questionnaire, the Vision Function Scale and the Effect of Diplopia Questionnaire were used to study the impact on children; however, the former two are proxy measures and latter two were not specifically developed for children. The AS-20 questionnaire has been translated from English to Chinese, 77, 78 Hindi, Telugu 79 and Danish 80 and has been used widely to study the impact and evaluate the effectiveness of strabismus intervention.
Strabismus-specific instruments CHARACTERISTICS

QUALITY
The IXTQ questionnaire is the only validated child-specific questionnaire for strabismus and was developed using patients' perspectives. The quality assessment of the IXTQ is shown in Table 5 . Despite holding good classical test theory-based psychometric properties, the instrument (child and proxy versions) does not demonstrate good measurement precision and unidimensionality, when validated using the Rasch model. 81 The quality assessment of the strabismusspecific instruments developed for adults is shown in Table 6 . The AS-20 questionnaire has been translated into many languages and has been validated by multiple studies. It has been shown to have good reliability, 43 responsiveness 37 and validity; 42 however, validation of the English AS-20 using Rasch analysis revealed that two subscales (interaction and general function) fall short of measurement precision. 82 The Hindi and Telugu versions of the AS-11 scale and the eight-item psychosocial and nine-item functional subscales shows good dimensionality, fit and targeting but have satisfactory measurement precision. 79 The Chinese 77, 78 and the Danish 80 versions of AS-20 were found to have high ceiling effects and the nine-item functional subscale of Chinese AS-20 lacked precision. The Danish AS-20 has not been tested using the Rasch analysis model. The clinician-derived 'Expectations of Strabismus Surgery Questionnaire' showed good internal consistency and acceptable dimensionality; however, it has not been validated by Rasch analysis. 73 Amblyopia and strabismus-specific instruments CHARACTERISTICS 83 and the Psychological Impact Questionnaire, 84 which were developed to measure the impact of both amblyopia and strabismus. Both these instruments were developed for adults. The A&SQ was first developed in Dutch and later translated into English, 85 Chinese 86 and Italian 87 and has been widely used. Table 8 displays the quality assessment of the A&SQ. The Dutch and the English versions of the A&SQ were shown to have good acceptability and internal consistency; 83, 85 however, only the English version was validated using Rasch analysis and was found to lack unidimensionality. In addition, it was also found that the targeting of the instrument to the ability of the respondents was just fair for the isolated amblyopia group as compared to good targeting for the strabismus group. 88 The Chinese and Italian versions had high floor and ceiling effects, demonstrating fair or poor targeting.
86,87
The Psychological Impact Questionnaire has not been validated.
Content coverage
Three hundred and eighty-nine items were pooled from 22 instruments (five amblyopia-specific, 15 strabismus-specific and two amblyopia and strabismus-specific). On examining what each item measured, some items were found to be generic, measuring general/overall impact (for example, overall satisfaction with strabismus surgery) and some could not be classified, as they measured something different from QoL (for example, knowledge of the condition). These were not considered for item extraction and evaluation.
The amblyopia-specific instruments predominantly measure activity limitation and emotional impact related to treatment, in addition to concerns and inconveniences caused by the treatment. The strabismusspecific instruments mainly measure concerns related to appearance and treatment outcome. The amblyopia-and strabismusspecific instruments measure activity limitation, concerns and emotional well-being. None of these instruments address QoL constructs comprehensively. The distribution of the number of items of each instrument across the eight ophthalmic QoL domains and the gaps in measurement are displayed in Table 9 . (24) and emotional well-being (19) had maximum numbers of items, while economic impact (two) and mobility (three) had the least number of items. The distribution of the items (Figure 2 ) across the eight QoL domains suggests that there exist limitations in terms of number of items available to measure comprehensively all the important ophthalmic QoL constructs.
Summary of the results
PROMs that have been developed and used to study the impact of amblyopia and/or strabismus were identified and extensively reviewed in terms of quality and content coverage. Seventy-one different PROMs have been used to study the impact of strabismus and/or amblyopia, out of which 32 were strabismus and/or amblyopia-specific. Most of the amblyopia-specific instruments were developed for children and measured the impact of treatment of amblyopia, while most of the strabismusspecific instruments were developed for adults and measured concerns related to appearance and treatment outcome. Only four questionnaires, the CVLS, IXTQ, AS-20 and A&SQ, have been subjected to modern psychometric tests and the AS-20 was found to have better psychometric properties than others; however, none of these instruments offer comprehensive measurement of QoL and have gaps in their contents.
DISCUSSION
This paper extensively reviews all PROMs developed and used in the amblyopia and strabismus disease group. Non-validated instruments were also included for the comprehensiveness of the review. Although myriad instruments have been developed, only a few have been used more than once ( Table 1 ). The review underlines the lack of a comprehensive and valid instrument to measure the impact of amblyopia and strabismus on children and adults by presenting the shortfalls in instrument development, psychometric properties and comprehensiveness of the content.
All the currently available amblyopiaspecific instruments for children measure the impact of treatment of amblyopia and none measure the impact of the condition 'amblyopia' itself. The only amblyopia-specific instrument for adults, the Amblyopia Survey, is limited in content and has not been validated. 46 The majority of the strabismusspecific instruments were developed for adults and particularly measure concerns related to noticeable strabismus and outcome of strabismic surgery. The only strabismus-specific instrument with self-reporting for children is the IXTQ; 61 however, no instrument has been developed to measure the sole impact of strabismus on children (other than intermittent exotropia). Just four of the amblyopia-and/or strabismus-specific instruments, namely, the IXTQ, CVLS, AS-20 and A&SQ, have been validated using the Rasch analysis and only the AS-20 questionnaire demonstrates good psychometric properties. 82 Both the instruments for children, namely, the IXTQ 81 and the CVLS, 55 lack unidimensionality, an important attribute of any valid instrument. 26 A&SQ, the only validated instrument that claims to measure the impact of amblyopia and strabismus, has items which are not specific to amblyopia and falls short of targeting when tested on the isolated amblyopia group and hence, are deemed unsuitable for assessing the impact of amblyopia. 88 None of the existing instruments offers a comprehensive measurement of QoL either for children or adults. 'Quality of life' is multidimensional and consists of many unidimensional constructs or subscales (for example, emotional well-being, social well-being). 89 Eight ophthalmic QoL 33 and glaucoma. 32 Although the domains use the same nomenclature across the range of ocular diseases and intend to measure the same construct, each domain contains a different set of items specific to that particular disease, identified by literature review and qualitative research. We examined the content of all the available self-report amblyopia and/or strabismus-specific instruments to see how the items fit into these domains.
Most of these instruments measure activity limitation, concerns and emotional constructs of QoL and do not offer comprehensive measurement, even when items from all these instruments were pooled together. Furthermore, these instruments are limited in validity of the content, as most of them were not 'patient derived'. Instruments that are patient derived are regarded more valid, as they reflect the QoL of the patients through their own perspectives. 26 Out of the four validated instruments, only the IXTQ, CVLS and the AS-20 are patient derived; however, none of these instruments offer comprehensive measurement of QoL. Lack of adequate content could be a potential reason why amblyopia and strabismus-specific instruments are often used in conjunction with other measures, particularly one of the psychological and behavioural inventories. 63, 73, 90 Negative psychosocial and economic impacts of strabismus are well known. Studies have shown that people with strabismus are negatively perceived, 7,91 not given preference for employment 8, 92 and have problems in finding a life partner. 10 These issues are unique to those with socially noticeable strabismus and may significantly affect their QoL. In addition, studies have shown that those with strabismus are at a risk for developing coexistent mental illness and psychiatric disorders; 93, 94 however, many of these issues are not reflected in the content of the existing instruments. Furthermore, the primary concerns of those with and without diplopia vary. Studies have shown that patients with diplopia have greater functional difficulties and lesser psychosocial impact compared to those without diplopia; 37, 42, 95 however, none of the available instruments have been developed to extensively assess the impact of strabismus on QoL of patients with diplopia and most of them enquire merely on the presence of double vision (symptom). The Effect of Diplopia Questionnaire 76 assesses the impact of post-operative diplopia on life and not the impact of diplopia associated with strabismus.
While amblyopia and strabismus are often considered together, they are two separate entities that can occur in the absence of each other and may have unique issues, concerns and effect on QoL. Little is known about the impact of isolated amblyopia on QoL and its effect on educational achievement and occupation. The Amblyopia Survey 46 and the QoL instrument for anisometropic amblyopia 57 were developed to measure the impact of isolated amblyopia/ treatment in adults and children, respectively; however, these instruments did not follow a robust method of content development and did not consider patients' perspectives for development. Further research exploring the QoL issues of those with isolated strabismus, isolated amblyopia and strabismic amblyopia is necessary to guide whether amblyopia and strabismus should be integrated or split for the purpose of QoL measurement.
The ophthalmic QoL domains identified by previous studies may not perfectly and In response to these considerations, our research group is developing amblyopia and strabismus-specific item banks measuring a series of QoL domains using robust research methods. Item banking and computer adaptive testing (CAT) are the latest innovations in patient-reported outcomes research. 96, 97 An item bank consists of a huge collection of items, which are derived from extensive qualitative research with patients and calibrated by modern psychometric methods, like Rasch analysis. 96 Having a large pool of calibrated items would help us to customise the test, based on patient characteristics; for example, driving items would not be presented to those who do not drive due to reasons other than their ocular condition and other items with the same difficulty level would be presented instead. CAT is used for this purpose as it enables us to obtain an accurate measurement of QoL using fewer calibrated items by tailoring items to a respondent's responses to previous items and greatly reduces respondent burden by substantially reducing the test length. 98 Amblyopia and strabismus-specific item banks will aid in broadening our understanding of the disease impact and complement research and clinical trials.
CONCLUSION
This paper comprehensively reviews all the PROMs used to study the impact of amblyopia and strabismus. The characteristics, quality and content of all amblyopia and strabismus-specific instruments were
Instruments considered for item extraction Psychological Impact Questionnaire 9 1 3 3 1 ---1 appraised and the paper underlines the lack of a high quality and comprehensive instrument to measure the QoL impact on children and adults. 
